Research on the holding control methods for bus can improve the reliability of bus transfer and reduce travel delays of passengers effectively. What's more, it can help to improve the quality and attractiveness of public transport service and promote the priority development of urban public transport. This paper proposes a dynamic holding control strategy. And by analyzing the adaptability of holding control from the aspect of Interval and arrival punctuality of vehicle, the appropriate line types is determined. And a dynamic framework is created. Then, synthetically considering factors such as cost of enterprise, passengers and capacity constraints, the model of holding control is established, which is aiming at the minimum total cost and to calculate the holding time threshold. An example is given so as to analyze the effectiveness of holding control.
Introduction
The unreliability and long waiting time for transfer are the key factors for the low-quality and weak-attractive services of ground bus. The operation of ground buses is easily affected by the factors such as road conditions and emergencies, which usually results in delays. In this condition, passengers who have to transfer to finish a trip would be faced with transfer inconvenience like long waiting time. In 2011, the average travel time of bus in the central city of Nanjing is 45.5 minutes, and the average waiting time of transfer is 5.3 minutes, which ac-counts for 11.6% of the average travel time.
Dynamic coordinated control can effectively guarantee the quality of public transport service, and the holding control is one of the most important strategies. Through implementing the holding control at the transfer stations, punctual buses are controlled to wait for late buses which have transfer passengers among them, improving the probability of successful transfer and reducing the travel delay caused by transfer failures. However, the holding control would increase the waiting time of passengers who don't need transfer. Therefore, changes in the bus system cost due to the holding control need to be studied so that the decision of holding control or not can be made aiming at minimizing the system cost.
Framework of Holding Control
Dynamic holding control strategy. A dynamic holding control strategy is proposed and the model of holding control is established to calculate the holding time threshold, which takes the enterprises, passengers and vehicles into consideration. It is assumed that the arrival time of delayed vehicles can be predicted. If the predicted arrival time of delayed vehicles is beyond the holding time thresh-old, the holding control will not be carried out. If the predicted arrival time is within the threshold, the holding control will be carried out. And in this case, when the actual arrival time of delayed vehicle is within the threshold, the waiting vehicle should de-part from the station immediately after all the passengers have finished their transfer and do not need to International Conference on Information Technology and Management Innovation (ICITMI 2015) wait until the threshold; when the actual arrival time of delayed vehicle is beyond the threshold, the waiting vehicle should depart from the station after waiting for a holding time threshold.
Analysis of holding control adaptability. Not all the holding control at the transfer station can achieve an obvious effect, so the adaptability of holding control is analyzed. The effect of holding control is related to the situation of bus arrival, the departure interval of bus routes, the transfer passenger volume at the station and so on. Therefore, the object of study is defined in order to gain remarkable results through holding control. About the situation of bus arrival, the case where the origin route (OR) is late arriving and the destination route (DR) is punctually arriving at the station is the focus in study. In regard to the departure interval of bus routes, the case where DR has long interval and OR has short or long interval is studied. Regarding the transfer passenger volume, the stations which has greater transfer passenger volume is considered.
Framework of dynamic holding control. The basic framework of holding control for the transfer station is established, as is shown in figure 1 . When the DR vehicle is detected into the transfer station, there are two cases as follows. Case 1: the DR vehicle is already late, then it has to depart from the station immediately after the passengers are set down and picked up. Case 2: the DR vehicle is arriving at the station ahead of time or on time and the OR vehicle do not arrive punctually, then the passengers on the bus and passengers getting on the bus at this station are counted. Meanwhile the passengers at the downstream station and passengers transfer-ring from OR vehicle are predicted. Then the holding time threshold will be calculated. When the arrival time of delayed OR vehicle is predicted, the decision of holding control or not can be made by comparing the threshold with the arrival time. 
Model of Dynamic Holding Control
Assumptions. The proposed model is established by considering the characteristics of both OR and DR, and based on assumptions as follows.
(1) DR vehicles travel following the planned schedule; (2) Buses can't depart from the station ahead of schedule; (3) The transfer passengers from OR to DR and the passengers at the downstream station are known; (4) Intervals of OR and DR are coordinated and DR interval is an integral multiple of OR interval; (5) The research period is defined as DR interval H (the longer interval); (6) Passengers are arriving at the station at a constant rate; (7) Arrival time of delayed OR vehicles can be predicted and delayed time will not exceed the interval. Total social costs. The change of total social costs consists of two parts: change of operation costs and change of passengers' costs. The change of operation costs is caused by the extra waiting time due to the holding control. The change of passengers' costs is caused by passengers related to OR and DR, including passengers on the bus, passengers getting on the bus at current and downstream stations, passengers who are planned to wait for the next bus but get on this bus due to the holding control, and passengers who succeed in transferring due to the holding control.
(1) Change of operation costs (DR) caused by the holding control (b) An increased cost of waiting time for passengers waiting for this vehicle (DR) due to the holding control
where, H is the interval of DR vehicles (minute); Arate P is the arriving rate of passengers waiting for DR (person/minute).
(c) A reduced cost of waiting time for passengers who are planned to wait for the next bus but get on this bus due to the holding control.
()
(d) An increased cost of waiting time for passengers waiting for this bus at the downstream station due to the holding control
where,
D i
P is the number of passengers waiting for this DR vehicle at the downstream station (person). (e) A reduced cost of waiting time for passengers succeeding in transferring due to the holding control , ( ) ( )
where, is the delayed time according to the schedule (minute).
Model. The change of total social costs in this paper include the change of operation costs and the change of all the relevant passengers' costs. Then, the model is de-fined by the holding time.
Where,
In the actual situation, the arrival time of delayed vehicles is unable to be accurately predicted. So, when the delayed time is unknown, a searching method through matlab should be applied in solving this model and a holding time threshold will be obtained. Then, the decision of holding control can be made by comparing the holding time threshold and delayed time. The application of holding time threshold can reduce the influence caused by the prediction error and improve the probability of successful transfer.
Case Study
There is a transfer at the station k from OR to DR. The interval of OR is 10 minutes and the interval of DR is 20 minutes. The operation costs per vehicle per unit time of buses are 5 RMB and the value of unit time for passengers is 0.6 RMB. Now the bus i of DR arrive at the station k on time and the bus j of OR which has a transfer with bus i is late. At the station k, the number of passengers on bus i is 30 and the arrival rate of passengers waiting for bus i is 0.5 person/minute. As is predicted, the number of passengers waiting for the bus i at the downstream station is 20, and the number of passengers transferring from bus j to bus i is 10. And the capacity of the bus is 80 persons/vehicle. Considering the requirement of passengers' comfort, load factor is set within 0.9. According to the model above, objective function is obtained: 
The results are calculated by matlab as shown in table 1. We can know from the results above that the holding time threshold Tmax=2.5min. When the delay time of bus j is predicted as Ljpr, the decision of holding control or not can be made.
(1) If Ljpr<=2.5min, holding; (2) If Ljpr>2.5min, not holding and departing immediately.
Conclusion
The paper proposed a dynamic holding control strategy based on the traditional holding control. The adaptability of the holding control is analyzed and the research objective is defined as follows: DR arrives at the transfer station on time and the interval of DR is longer while OR is late. And the framework of dynamic holding control is put forward. The various factors influencing the holding control are studied in this paper. Then the model of dynamic holding control is established so that the holding control threshold can be calculated. Finally, a case is studied in applying the model of dynamic holding control. For research of dynamic holding control at the transfer station for buses, there still exist many problems. More researches have to be concentrated on the prediction of bus arrival time and passenger flow volume. Besides, the transfer between multiple bus routes should be studied further. So that the dynamic holding control can be applied in the actual operation better and improve the quality and attractiveness of public transport service.
